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Abstract

Background: Chicken meat has the highest per capita consumption among all meat types in
North America. The practice of feeding 3-nitro-4-hydroxyphenylarsonic acid (Roxarsone, Rox)
to chickens lasted for over 60 years. However, the fate of Rox and arsenic metabolites remaining
in chicken are poorly understood.

Objectives: We aim to determine the elimination of Rox and metabolites from chickens and
quantify the remaining arsenic species in chicken meat, providing necessary information for
meaningful exposure assessment.

Methods: We have conducted a 35-day feeding experiment involving 1600 chickens, of which
half were control and the other half were fed a Rox-supplemented diet for the first 28 days and
then the Rox-free diet for the final seven days. We quantified the concentrations of individual
arsenic species in the breast meat of 229 chickens.

Results: Rox, arsenobetaine, arsenite, monomethylarsonic acid, dimethylarsinic acid, and a new
arsenic metabolite, were detected in breast meat from chickens fed Rox. The concentrations of
arsenic species, except arsenobetaine, were significantly higher in the Rox-fed than in the control
chickens. The half-lives of elimination of these arsenic species were 0.4-1 day. Seven days after
termination of Rox feeding, the concentrations of arsenite (3.1 pg/kg), Rox (0.4 pg/kg), and a
new arsenic metabolite (0.8 pg/kg) were significantly higher in the Rox-fed chickens than the
control.

Conclusion: Feeding of Rox to chickens increased the concentrations of five arsenic species in
breast meat. Although most arsenic species were excreted rapidly when the feeding of Rox
stopped, arsenic species remaining in the Rox-fed chickens were higher than the background

levels.
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Introduction

Since 1944 when the United States Food and Drug Administration (FDA) first approved the use
of 3-nitro-4- hydroxyphenylarsonic acid (Roxarsone, Rox) as an animal feed additive, this
organoarsenic compound has been extensively used in the poultry industry for more than 60
years to alleviate coccidiosis, promote growth and weight gain, and improve pigmentation of
chickens (Chapman and Johnson 2002; Kowalski and Reid 1975; US FDA 2015a). However,
there have been considerable concerns over the use of Rox because of potential human exposure
to arsenic species through the consumption of chicken (Conklin et al. 2012; Kawalek et al. 2011;
Lasky et al. 2004; Lasky 2013; Nachman et al. 2013). From 1999, European Union ceased the
use of arsenicals as feed additives (European Commission 1999). In 2011, an US FDA study
(Kawalek et al. 2011) reported that feeding of broiler chickens with Rox attributed to the
increased concentrations of inorganic arsenicals in chicken livers. In response to the FDA study,
the manufacturer of Rox in the US has voluntarily suspended its supplies (US FDA 2015a). In
2013, US FDA withdrew the approval of Rox (US FDA 2013). However, Rox continues to be

legally used in many other countries (Huang et al. 2014; Yao et al. 2013).

Although several studies have reported on the concentration of arsenic in Rox-fed chickens or in
chicken meat purchased from food markets (Batista et al. 2012; Doyle and Spaulding 1978;
Jelinek and Corneliussen 1977; Lasky et al. 2004), the information on the specific arsenic species
is limited (Mao et al. 2011; Pizarro et al. 2003; Polatajko and Szpunar 2004; Sanchez-Rodas et
al. 2006; Sanz et al. 2005). Determining the concentrations of individual arsenic species is

important because the toxicity of arsenic is highly dependent on its chemical species. The
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median lethal concentrations of arsenic species vary by several orders of magnitude from the
most toxic to the least toxic arsenic species (Charoensuk et al. 2009; Naranmandura et al. 2011;
Shen et al. 2013; Styblo et al. 2000). Though Rox itself is of low toxicity to the test animals
(Sullivan and Al-Timimi 1972), its toxicity to human is not well understood. Furthermore, it is
not clear how much other arsenic metabolites may be produced in Rox-fed chicken. It is crucial
to determine the magnitude of increases in the concentrations of the more toxic arsenic species,

e.g. arsenite (As').

Chicken is the No.l meat consumed in North America on a per capita basis, with a supply of
17.7 billion kg per year (AAFC 2013; ERS 2014). It is paramount to assess the concentrations of
individual arsenic species in this highly-consumed food. The information will enable assessment
of human exposure to arsenic species and determination of the relative contributions of arsenic

species from the various sources.

Information on the metabolism of Rox in chicken is very limited (Conklin et al. 2012; Kawalek
2011; Overby and Straube 1965; Peng et al. 2014). Accurately identifying and quantifying
arsenic species in chicken meat is challenging due to low concentrations of arsenic species.
Therefore previous work has often focused on chicken livers and feces that contained higher
concentrations of arsenic species (Conklin et al. 2012; Falnoga et al. 2000; Kawalek 2011; Peng
et al. 2014; Rosal et al. 2005; Salisbury et al. 1991). Recent work of Nachman et al. (2013)
determined arsenic species in chicken samples collected in a US-based market basket survey.
This study found the concentrations of inorganic arsenicals were higher in conventional chickens
(geometric mean (GM) = 1.8 pg/kg; 95% confidential interval (CI): 1.4, 2.3) than in antibiotic-

free (GM = 0.7 pg/kg; 95% CI: 0.5, 1.0) or organic (GM = 0.6 pg/kg; 95% CI: 0.5, 0.8)
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chickens. The study also found a correlation between the higher concentrations of inorganic
arsenicals (GM = 2.3 pg/kg; 95% CI: 1.7, 3.1) in the presence of Rox (GM = 1.3 pg/kg; 95% CI:
1.0, 1.7) in the chicken samples compared to the concentrations of inorganic arsenicals (GM =
0.8 ng/kg; 95% CI: 0.7, 1.0) in Rox-negative samples. This correlation suggests that feeding of
Rox may increase concentrations of As'" in chicken meat. This finding, together with the 2011
US FDA study (Kawalek 2011), suggests that Rox may be partially biotransformed to inorganic
arsenicals in the chicken body. However, it is still unknown whether feeding of Rox increases
concentrations of other arsenic species in chicken meat. Moreover, how these arsenic species

change with the growth of chicken fed Rox remains a question.

To fill the knowledge gap, our research group has initiated a controlled feeding study that
involved 1600 chickens of two common commercial strains. In the first four weeks, half of the
chickens (800) were fed a diet supplemented with Rox and the other 800 chickens were fed a
control diet. This design allows us to study the uptake and metabolism of Rox. In the final week,
all chickens were fed Rox-free diet. This allows us to study the elimination kinetics over the 7-
day period. We determined whether the feeding of Rox increased arsenic metabolites, e.g.,
arsenite and dimethylarsinic acid (DMA"), in chicken breasts and the degree to which arsenic

metabolites were eliminated from chicken breast meat after the feeding of Rox stopped.
Methods

Chicken breast meat samples. Chicken breast meat samples were collected from a 35-day
poultry feeding study that was conducted at the Poultry Research Centre, University of Alberta.

A total of 1600 chickens (mixed sex), of two commercial broiler strains (Ross 308 and Cobb
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500) were used. These 1600 chickens were equally divided into Rox-fed group and control
group. The control treatment of 800 chickens, randomly divided and housed in 8 pens (100
chickens per pen; 14.5 birds/m”), was fed a basal diet that was not supplemented with Roxarsone
throughout the entire 5-week feeding period. The basal (control) diet had trace concentrations of
arsenobetaine (AsB) (average 0.03-0.1pg/g), arsenate (As") (0.04-0.1 pg/g), and DMA" (0.03-
0.04 pg/g), and no detectable As"" or monomethylarsonic acid (MMA"). The presence of AsB
was due to the inclusion of menhaden fish meal as a protein source in the feed. The Rox-fed
treatment consisted of another 800 chickens, randomly allocated to another 8 pens (100 chickens
per pen; 14.5 birds/m”), and were fed a Roxarsone-supplemented diet during the first 28 days (4
weeks), and the basal diet during the last week (day 29-35). The Roxarsone-supplemented diet
was prepared from the basal diet with the addition of Roxarsone (18 + 1 ug/g measured as
arsenic), a standard supplementation dose in common poultry practice (USFDA 2015b). The last
week of feeding without Roxarsone supplementation exceeded FDA regulations of withdrawal of
Roxarsone for 5 days prior to processing in order to allow elimination of arsenic from the
chicken bodies (USFDA, 2015b). Tap water from the same source in Edmonton (<1 pg/L
arsenic) was available to all the chickens throughout the entire 35-day period. Birds were
provided a comfortable environment, with temperature set points decreasing linearly from 34°C
on day 0 to 20°C by day 28, where temperature was maintained for the duration of the study.
Twenty-three hours of light per day was provided for the first 3 days, which was reduced to 20
hours per day for the duration of the study. Males and females were housed together at random
proportions, as the sex of chicks was not determined at hatch. On days 0, 1, 2, 3, 4, 7, 14, 21, 28,

29, 30, 31, 32, 33, 34, and 35, sixteen chickens were randomly selected (one from each control
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and each Rox-fed pen, of random sex), euthanized by cervical dislocation, weighed, and the
breast meat was collected. The sex of birds was determined visually upon dissection. Raw
samples were stored at -80°C. Unfortunately, a few labels came off the sampling bag after
freezing. To maintain integrity of the samples, we discarded any samples with questionable
labeling. As a consequence, we analyzed 11-16 samples from each of the 16 sampling days, for a

total of 229 samples.

All procedures involving animals were reviewed and approved by the University of Alberta
Animal Care and Use Committee: Livestock (protocol #094). The feeding design and the age of

chickens at breast sample collection are summarized in Table 1.

Determination of arsenic species. We analyzed all 229 chicken breast samples (114 from the
control chickens and 115 from the Rox-fed chickens) for arsenic speciation using a previously
developed method (Liu et al. 2015). Briefly, arsenic species in 0.5 g of freeze-dried samples
were extracted using an enzyme-assisted extraction method, and each extract was analyzed in
duplicate for arsenic speciation using high performance liquid chromatography inductively
coupled plasma mass spectrometry (HPLC-ICPMS). Identities of arsenic species were confirmed
using HPLC separation with simultaneous detection by ICPMS and electrospray ionization mass
spectrometry. Detailed analytical procedures are included in Supplemental Material (Analytical
Procedures) and the method evaluation has been described previously (Liu et al. 2015; Peng et

al. 2014).

The detection limits (LOD), obtained according to the method of US EPA (2011) by seven

replicate analyses of chicken breast meat samples, were 1.0 pg/kg for AsB, 1.8 pg/kg for As',
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1.5 pg/kg for DMAY, 1.7 pug/kg for MMAY, and 1.2 pg/kg for Rox, measured as dry weight of
chicken breast meat. We used three standard reference materials, SRM1640a (trace elements in
natural water, obtained from the National Institute of Standards and Technology, Gaithersburg,
MD), DORM-4 (fish muscle, obtained from National Research Council of Canada, Ottawa,
Canada), and BCR627 (tuna, obtained from the Institute for Reference Materials and
Measurements, Belgium), for method development. Our results were in good agreement with the
certified values (see Supplemental Material, Quality Assurance). Because there was currently no
chicken meat standard reference material certified for arsenic species, we prepared an in-house
reference sample by adding 10 pg/L. As standard mixture to a low-arsenic chicken breast meat
sample purchased from a local food market. This reference sample was analyzed in triplicates
along with each of the seven batches of chicken breast samples analyzed. The measured
concentrations were AsB (mean = SD, 11.1 £+ 0.6 pg /L; coefficient of variation (CV)=6%;
n=21), As™ (12 + 1 pg /L; CV=8%; n=21), DMA" (10 + 1 pg /L; CV=10%; n=21), MMA" (11
+ 1 pg /L; CV=10%, n=21), AsV(IO + 1 pg /L; CV=12%; n=21), and Rox (11 = 1 pg /L; CV=
11%; n=21). During each batch of analysis, we also analyzed a solution containing 4.5 pg/L
AsB, a stable arsenic species. The results (mean + SD, 4.3 £ 0.2 pg/L; CV=5.7%) indicated good

reproducibility among the seven batches analyzed on separate days.

Statistical analysis. Statistical analyses were performed by using SPSS version 20.0 (IBM Corp,
Armonk, NY). Arithmetic mean, standard deviation, and coefficient of variation of arsenic
concentrations were calculated based on the results from duplicate analyses of multiple chicken

samples in each test group. Sample size (n) in the tables and figures referred to the number of
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different chickens. They were each from one of the 16 pens that initially contained 100 chickens

per pen.

We used two-way analysis of variance (ANOVA) to analyze the effect of Roxarsone treatment
and age on the concentration of arsenic species over 35 days. We initially tested sex (male and
female) and strains (Ross and Cobb) on the concentrations of arsenic species; however, their

effects were not significant for any arsenic species. Therefore, we excluded sex and strain from

the statistical model.

Mann-Whitney U-test was used to analyze the significance of difference between Rox-fed and
control chickens on day 35. Spearman correlation test was performed to investigate the
relationship between different arsenic species. Recognizing that most of the data for As'™,
Unknown, and Rox in the control group were below detection limit, we conducted Sign test for
these three species (Table S1 in Supplemental Material) by comparing the range of their
concentrations in the Rox-fed chickens to the detection limit. The two-way ANOVA allowed us

to assess on which day after the termination of Rox feeding the concentrations of arsenic species

no longer significantly differed from the control treatment (Table S2 in Supplemental Material).

Pharmacokinetic analysis. The concentrations of arsenic species in chicken breast tissues were
determined at each time point (day 28 to 35). The pharmacokinetic parameters, including
elimination rate constant (K) and elimination half-life (t;,), were determined by the
compartmental method using Graphpad Prism 6 (GraphPad Software, San Diego, CA, USA).

The formula for one-phase decay model is expressed as: Y= (Yo — Yt)*exp (-K*X) + Yt, where
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not change significantly with time; K is the rate constant. Half-life is computed as In(2)/K.
Results

Arsenic species found in chicken breasts. Figure 1 shows typical chromatograms obtained
from the analyses of a pair of chicken breast samples, one from the control group and the other
from the Rox-fed group, both collected on day 28 of the feeding experiment. The chicken sample
from the control group showed the presence of AsB as the major arsenic species (Figure 1, top
trace). The chicken sample from the Rox-fed group showed the presence of detectable AsB,

As™, DMAY, MMA"Y, Rox, and an unidentified arsenical (Unknown) (Figure 1, bottom trace).

Rox was not detectable in any of the samples from the 114 control chickens, but it was detected

in all samples from the 115 Rox-fed chickens. Inorganic arsenite (As""

) and methylated
arsenicals (DMA" and MMA ") were detected more frequently in the Rox-fed chicken samples
than in the control chicken samples. As"', DMA" and MMA" were detected in 98% (113
samples), 93% (107), and 100% (115), respectively, of the Rox-fed chicken samples; they were
detectable in 26% (22), 92% (106), and 92% (106) of the control chicken samples. The
concentration of As" in both the control and Rox-fed chickens was below detection limit of 1.7
ng/kg. A possible explanation for the low concentration of As" in the chicken breast could be
that a substantial fraction of absorbed As" was reduced to As™ (Vahter and Envall 1983; Vahter
and Marafante 1985; Radabaugh and Aposhian 2000) before it was distributed in chicken
breasts. A new arsenic species, whose chemical structure has yet to be identified, was detectable

in 114 samples (99%) from the Rox-fed chickens. This new arsenic species was not detectable in

10
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any of the samples from the control chickens. Arsenobetaine (AsB) was detectable in all samples
from both the control and Rox-fed chickens. Each of these arsenic species was quantified and the
results from the analyses of 114 control chicken samples and 115 Rox-fed samples were

summarized in Table 2.

Comparison between the control and Rox-fed chickens. Table 3 shows the results from the
two-way ANOVA of each arsenic species present in more than 100 control chickens and more
than 100 Rox-fed chickens. The comparison between the Rox-fed chickens and the control
chickens in the concentrations of five arsenic species, including As™ (P < 0.001), DMA" (P <
0.001), MMA" (P = 0.01), Unknown (P < 0.001), and Rox (P < 0.001), showed significantly
higher arsenic in the Rox-fed chickens than in the control chickens. The effect of age of chickens
was significant for the concentrations of all six arsenic species (P <0.001). The effect of

Roxarsone treatment changed significantly with age for the concentrations of all arsenic species

(P <0.001) except AsB (P =0.63).

AsB was the only species that had no significant difference (P = 0.76) in the concentration
between the control chickens and the Rox-fed chickens. This result was understandable because
the basal diet for all chickens contained approximately 0.03-0.1pug/g AsB. The source of AsB
was from fish that is commonly used as a protein source in chicken diets. In this study, AsB was
present at similar concentrations in the food to both the control group and Rox-fed group of

chickens. Therefore, AsB was an appropriate internal standard.

Temporal profiles of each arsenic species. From the speciation analyses of 229 chicken

samples collected on different days over the 35-day feeding experiment, we were able to obtain

11
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temporal profiles for individual arsenic species. Because each group of chickens was exposed to
the same feed and because AsB was not metabolized, we normalized the concentrations of
individual arsenic species in each chicken against the concentration of AsB in the respective
chicken. With AsB as an internal standard, this normalization minimizes potential analytical
fluctuations. Data without normalization against AsB was shown in Supplemental Material

Figure S1.

Figure 2 shows that the concentrations of As™ (Figure 2a), DMAY (Figure 2b), MMA" (F igure
2¢), and Unknown (Figure 2d) in the Rox-fed chickens increased in a similar trend to that of Rox
(Figure 2e) during the first 28 days when these chickens were fed Rox-containing diet. Their
concentrations all reached maximum on day 28, the last day that Rox was fed. The rapid
decreases in arsenic concentrations from day 28 to day 35 reflected elimination of arsenic from
the chickens during the Rox withdrawal period. The elimination kinetics will be discussed later.
The apparent lower concentrations of arsenic species between day 7 and day 21 could be due to
rapid growth of chickens, resulting in distribution of arsenic species in larger masses of chicken
breasts. Indeed, Figure 2(f) shows rapid body weight gains of both groups of chickens in this
period. Taking into account of the chicken growth (and body weight), we multiplied the
concentration of each arsenic species by the sample-specific body weight. Figure 3 shows
continual increases of As"' (Figure 3a), DMA" (Figure 3b), MMA" (Figure 3c), the Unknown
arsenic species (Figure 3d), and Rox (Figure 3e) in the Rox-fed chickens in the first 28 days. The
average amount of arsenic species in the chickens fed 28 days of Rox were 38 + 19 pug As'™, 20 +

16 pg DMAY, 13+ 5 ug MMAY, 8 + 3 ug Rox, and 8 + 3 ug Unknown arsenic species.

12
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Elimination of arsenic species. Figure 4 summarizes elimination of As"' (Figure 4a), DMA"
(Figure 4b), MMA" (Figure 4c), the Unknown arsenic species (Figure 4d), and Rox (Figure
4e)individual arsenic species from the Rox-fed chicken breasts after the feeding of Rox stopped
on day 28. These results show patterns of decreasing arsenic concentrations in the chicken breast
from day 28 to day 35. Fitting the concentrations of arsenic species on each day after the
termination of Rox feeding with a one-phase exponential decay model enabled us to estimate the
elimination kinetics and half-life of individual arsenic species. As shown in Table 4, the half-

lives for all arsenic species are less than 1 day. As"™

has the longest retention in chicken breast
(ti2=1 day) and DMA" has the shortest retention (t,» = 0.4 day). The other three arsenic species,

Rox, MMA" and the new metabolite had a similar half-life (t;»= 0.7 day).

Figure 4 also shows that after several days of elimination, the concentrations of arsenic species
appears to have no significant further decrease. We conducted two-way ANOVA on the arsenic
concentration data from day 28 through to day 35. We found that for the faster eliminating
species DMA" and MMA", starting on day 30 their concentrations did not significantly differ
from the final concentrations on day 35. The P-value for comparison between day 29 (or day 28)
and day 35 were <0.01, while the P-value for comparison between day 30 (or age older than day
30) and day 35 were >0.76 for DMAY and MMA". For As"™, Unknown, and Rox , starting on day
31 their concentrations did not significantly differ from their concentrations on day 35. The P-
value for comparison between day 30 (or age younger than day 30) and day 35 were <0.02, while
the P-value for comparison between day 31 (or age older than day 31) and day 35 were >0.14 for

As™, Unknown, and Rox.

13
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Residual arsenic species after termination of Rox feeding. Although Figure 4 shows rapid
clearance of arsenic species, it was not clear whether the residual arsenic remaining in chicken
breast was significantly different comparing the control and the Rox-fed chickens. Therefore, we
compared arsenic concentrations in 8 control chickens and 8 Rox-fed chickens on the last day.
Figure 5 shows the concentrations of arsenic species in the control and Rox-fed chickens on day
35. The results of Mann Whitney U tests are shown in Table 5. Except for AsB (P=0.88) and
MMA" (P=0.13), As™ (P=0.01), DMA" (P=0.02), Unknown (P<0.001), and Rox (P<0.001) in

the Rox-fed group were significantly higher than those in the control group.

The concentrations of residual As"™ in Rox-fed chicken were from 0.41 to 3.1 pg/kg in chicken
breasts (Figure 5 and Table 5). The concentrations of As™, Rox, DMA"Y, MMA", and Unknown
were an order of magnitude lower than the concentrations of AsB (31 + 11 pg/kg in the control

chickens and 34 + 14 pg/kg in the Rox-fed chickens).

Correlation between arsenic species. Rox showed significant correlation with As™ (r = 0.74,
P<0.001), DMA" (r = 0.80, P<0.001), MMA" (r = 0.71, P<0.001), and Unknown (r = 0.87,
P<0.001). Especially for the Unknown arsenic species, such a strong correlation with Rox

suggests it might be a direct metabolite of Rox.

Discussion

This study extensively determined the concentrations of individual arsenic species in chicken
breast meat samples from 229 chickens, 115 of which fed a Rox-containing diet and 114 controls
(Table 2). During the 28 days when chickens were given a Rox-containing food, the

concentrations of AsHI, Rox, DMAV, MMAV, and a new arsenic species (Unknown) in breast
14
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muscle increased to a maximum on day 28 (Figures 2 and 3). The concentrations of these arsenic

species were significantly higher in the Rox-fed chickens than in the control chickens (P <0.001).

Starting on Day 29, all chickens were fed the diet containing no Rox. By day 35, the Rox-fed
chickens had seven days to excrete arsenic from the body. The poultry industry standard
regulated by US FDA (2015b) is to have a 5-day clearance period. Our results show that majority
of arsenic species was excreted rapidly, with half-lives ranging from 0.4 day for DMA" to 0.7
day for MMA", Rox and Unknown arsenic species, and 1 day for As"". Trivalent arsenicals
readily interact with cysteine groups in proteins (Shen et al. 2013), such as tubulin and myosin

(Menzel et al. 1999); these interactions could contribute to the longer retention of As™in chicken

breasts. Adding papain enhanced the extraction of As'"

from chicken breasts (Supplemental
Material, Figure S2) also suggested As' could be present in bound form. After five days
following the withdrawal of Rox from the feed, there was no further significant decrease of
arsenic concentrations in chicken breast meat. Thus, a five-day clearance period seems
reasonable. However, after the seven-day withdrawal period, the concentrations of four arsenic
species, As', DMAY, Rox and the Unknown, were significantly higher in the Rox-fed chickens

than in the control chickens (Table 5). The arsenic species in the chicken breasts were not

completely cleared to the background level of the control.

In previous studies, Morrison (1969) and Brugman et al. (1967) pointed out that feeding chicken
or lamb on chicken litter containing Roxarsone did not cause arsenic residues to accumulate in
the edible tissues. However, the authors also mentioned that the amount of litter consumed was
not large enough to lead to any detectable increase of arsenic. Nachman et al. (2013) detected

the concentrations of inorganic arsenicals (arsenite and arsenate together) in conventional
15
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supermarket chicken meat samples and found the concentrations in Rox-positive samples had
geometric mean (GM) of 2.3 ng/kg (95% CI: 1.7, 3.1). The concentration of Rox in Rox-positive
samples had GM of 1.3 pg/kg (95% CI: 1.0, 1.7). In our study, the overall concentrations of
arsenic species in the chicken breast meat after 7-day withdrawal period were similar to those
reported by Nachman et al. (2013). The concentration of Rox (0.41+0.04 pg/kg) on day 35 was
slightly lower than the results of Nachman et al. (2013) and the concentration of As' (3.1£1.6

' and Rox in the chicken breast

ng/kg) was slightly higher. In addition to the determination of As
meat, we also detected MMA" (1.4+0.4 pg/kg), DMA" (1.840.5 pg/kg), and a new arsenic

metabolite (0.8+0.3 pg/kg) whose chemical structure is yet to be identified.

Using the concentrations of arsenic species we determined in the chicken breast meat after the 7-
day withdrawal period, we could estimate the human daily intake of arsenic from the
consumption of these Rox-fed chicken. The residual concentration of As" in Rox-fed chicken
was 3.1£1.6 pg/kg. For an average consumption of 98 g chicken per day (ERS 2014), the
average daily intake of As"' from eating this chicken would be 0.3+0.2 pg/day. The summed
concentrations of all arsenic metabolites (excluding the non-toxic arsenobetaine) in Rox-fed
chicken samples after 7-day withdrawal was 7.6 pug/kg. From an average consumption of 98 g
chicken meat per day, the average daily intake of all arsenic metabolites from chicken breast
meat would be 0.7 pg/day or 0.01 pg/(day kg body weight) for a 70-kg adult. This is much lower
than the WHO (2011) provisional tolerable daily intake value of 3 pg/(day kg body weight) for
inorganic arsenic. As a comparison, the upper limit of arsenic in drinking water is 10 pg/L
(WHO 2008). The daily intake of arsenic from 2 liters of water containing 10 pg/L arsenic would

be 20 pg/day, or 0.3 pg/(day kg) for 70-kg adults. Water and food are the primary sources of

16
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human exposure to arsenic (Hughes et al. 2011; Kile et al. 2007; Newbigging et al. 2015; Schoof

et al. 1999; Tao and Bolger 1999; Williams et al. 2005; WHO 2011). Trace concentrations of

arsenic are present in all food items as arsenic is naturally occurring in the environment.

Although the contribution of arsenic from chicken breast meat is low, it is important to minimize

exposure to arsenic from all possible sources.

Conclusions The present study provides information on the concentrations of individual arsenic

species in chicken breast throughout the 35-day feeding period. Feeding Roxarsone to broiler

M Rox, and a new arsenic metabolite in chicken

chickens increased the concentrations of As
breast meat. Although arsenic species were excreted rapidly from the chickens during the Rox
withdrawal period, the residual arsenic concentrations in chicken breast meat seven days after
terminating Rox feeding remained significantly higher in the Rox-fed chickens than in the
control chickens. However, our estimates suggest that adults consuming a moderate amount of

chicken breast meat would not exceed the WHO provisional tolerable daily arsenic intake level

given residual arsenic concentrations consistent with those in our Rox-fed study sample.

17



Environ Health Perspect DOI: 10.1289/ehp.1510530
Advance Publication: Not Copyedited

References

Agriculture and Agri-Food Canada (AAFC). 2013. Poultry and Egg Market Information-
Canadian Industry Profile. Available: http://www.agr.gc.ca/eng/industry-markets-and-

trade/statistics-and-market-information/by-product-sector/poultry-and-eggs/poultry-and-egg-

market-information-canadian-industry/industry-profile/?id=1384971854389 [accessed 6 October
2015].

Batista BL, Grotto D, Carneiro MFH, Barbosa F. 2012. Evaluation of the concentration of
nonessential and essential elements in chicken, pork, and beef samples produced in Brazil. J
Toxicol Environ Health A 75:1269-79.Brugman H, Dickey H, Plummer B, Goater J, Heitman R,
Take M. 1967. Drug residues in lamb carcasses fed poultry litter. J Anim Sci 4: 915-21.

Chapman H, Johnson Z. 2002. Use of antibiotics and roxarsone in broiler chickens in the USA:
Analysis for the years 1995 to 2000. Poult Sci 81:356-364.

Conklin SD, Shockey N, Kubachka K, Howard KD, Carson MC. 2012. Development of an ion
chromatography-inductively coupled plasma-mass spectrometry method to determine inorganic
arsenic in liver from chickens treated with roxarsone. J Agric Food Chem 60:9394-9404.

Doyle JJ, Spaulding JE. 1978. Toxic and essential trace elements in meat--a review. J Anim Sci
47: 398-419.

Economic Research Service (ERS), United States Department of Agriculture. 2014. Food
Availability (Per Capita) Data System. Available: http://www.ers.usda.gov/data-products/food-
availability-(per-capita)-data-system.aspx#.U5sCtP1dVJ4 [accessed 23 July 2015].

European Commission. 1999. Council directive 1999/29/EC of 22 April 1999 on the undesirable
substances and products in animal nutrition.
http://ec.europa.eu/food/fs/afs/substances/substancesO1_en.pdf [accessed 23 July 2015].

Falnoga I, Stilbilj V, Tusek-Znidaric M, Slejkovec Z, Mazej D, Jacimovic R et al. 2000. Effect
of arsenic trioxide on metallothionein and its conversion to different arsenic metabolites in hen
liver. Biol Trace Elem Res 78:241-254.

Huang L, Yao L, He Z, Zhou C, Li G, Yang B, et al. 2014. Roxarsone and its metabolites in
chicken manure significantly enhance the uptake of As species by vegetables. Chemosphere
100:57-62.

18


http://www.ers.usda.gov/data-products/food-availability-(per-capita)-data-system.aspx#.U5sCtPldVJ4

Environ Health Perspect DOI: 10.1289/ehp.1510530
Advance Publication: Not Copyedited

Hughes M, Beck BD, Chen Y, Lewis AS, Thomas DJ. 2011. Arsenic exposure and toxicology: A
historical perspective. Toxicol Sci 123: 305-332.

Jelinek CF, Corneliussen PE. 1977. Levels of arsenic in the United States food supply. Environ
Health Perspect 19: 83-87.

Kawalek JC, et al. Final Report on Study 275.30. Provide Data on Various Arsenic Species
Present in Broilers Treated with Roxarsone: Comparison with Untreated Birds. Laurel,
Rockville, and College Park, MD: Center for Veterinary Medicine/Office of Regulatory Science,
U.S. Food and Drug Administration (10 Feb 2011).
Available:http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/ProductSafetyInforma
tion/UCM257545.pdf [accessed 23 July 2015]

Kile ML, Houseman EA, Breton CV, Smith T, Quamruzzaman O, Rahman M. et al. 2007.
Dietary arsenic exposure in Bangladesh. Environ Health Perspect 115: 889-893.

Kowalski LM, Reid WM. 1975. Effects of roxarsone on pigmentation and coccidiosis in broilers.
Poult Sci 54: 1544-1549.

Lasky T, Sun W, Kadry A, Hoffman M. 2004. Mean total arsenic concentrations in chicken
1989-2000 and estimated exposures for consumers of chicken. Environ Health Perspect 112:18-
21.

Lasky T.2013. Arsenic Levels in Chicken. Environ Health Perspect 121: a267-a267.

Liu Q,Peng H, Lu X, Le XC. 2015. Enzyme-assisted extraction and liquid chromatography mass
spectrometry for the determination of arsenic species in chicken meat. Anal Chim Acta 888: 1-9.
doi:10.1016/j.aca.2015.05.001.

Mao XJ, Chen BB, Huang CZ, He M, Hu B. 2011. Titania immobilized polypropylene hollow
fiber as a disposable coating for stir bar sorptive extraction-high performance liquid
chromatography-inductively coupled plasma mass spectrometry speciation of arsenic in chicken
tissues, J Chromatogr A 1218: 1-9.

Menzel D, Hamadeh H, Lee E, Meacher DM, Said V, Rasmussen RE, Greene H, Roth RN. 1999.
Arsenic binding proteins from human lymphoblastoid cells. Toxicol Lett 105: 89-101.

Morrison J. 1969. Distribution of arsenic from poultry litter in broiler chickens, soil, and crops. J
Agric Food Chem 17:1288-1290.

19


http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/ProductSafetyInformation/UCM257545.pdf

Environ Health Perspect DOI: 10.1289/ehp.1510530
Advance Publication: Not Copyedited

Nachman KE, Baron PA, Raber G, Francesconi KA, Navas-Acien A, Love DC. 2013.
Roxarsone, inorganic arsenic, and other arsenic species in chicken: A US-based market basket
sample. Environ Health Perspect 121:818-824.

Naranmandura H, Carew MW, Xu S, Lee J, Leslie EM, Weinfeld M, Le XC. 2011. Comparative
toxicity of arsenic metabolites in human bladder cancer EJ-1 cells. Chem Res Toxicol 24:1586-
96.

Naujokas MF, Anderson B, Ahsan H, Aposhian HV, Graziano JH, Thompson C, Suk WA. 2013.
The broad scope of health effects from chronic arsenic exposure: update on a worldwide public

health problem. Environ Health Perspect 121: 295-302.

Newbigging AM, Paliwoda RE, Le XC. 2015. Rice: reducing arsenic content by controlling
water irrigation. J Environ Sci 30: 129-131.

Overby LR, Straube L. 1965. Metabolism of arsanilic acid. I. Metabolic stability of doubly
labeled arsanilic acid in chickens. Toxicol Appl Pharmacol 7: 850—-854.

Peng H, Hu B, Liu Q, Yang Z, Lu X, Huang R, Li X-F, Zuidhof MJ, Le XC. 2014. Liquid
chromatography combined with atomic and molecular mass spectrometry for speciation of
arsenic in chicken liver. J Chromatog A 1370: 40-49.

Pizarro I, Gomez M, Camara C, Palacios MA. 2003. Arsenic speciation in environmental and
biological samples. Anal Chim Acta 495: 85-98.

Polatajko A, Szpunar J. 2004. Speciation of arsenic in chicken meat by anion-exchange liquid
chromatography with inductively coupled plasma-mass spectrometry. J Assoc Off Anal Chem
87:233-237.

Radabaugh TR, Aposhian HV. 2000. Enzymatic reduction of arsenic compounds in mammalian

systems: reduction of arsenate to arsenite by human liver arsenate reductase. Chem Res Toxicol
13: 26-30.

Rosal C, Momplaisir G, Heithmar E. 2005. Roxarsone and transformation products in chicken
manure: Determination by capillary electrophoresis-inductively coupled plasma-mass
spectrometry. Electrophoresis 26:1606-1614.

Salisbury CD, Chan W, Saschenbrecker PW. 1991. Multielement concentrations in liver and
kidney tissues from five species of Canadian slaughter animals. J Assoc Off Anal Chem 74:587-
91.

20



Environ Health Perspect DOI: 10.1289/ehp.1510530
Advance Publication: Not Copyedited

Sanchez-Rodas D, Gomez-Ariza JL, Oliveira V. 2006. Development of a rapid extraction
procedure for speciation of arsenic in chicken meat. Anal Bioanal Chem 385: 1172-1177.

Sanz E, Munoz-Olivas R, Camara C. 2005. Evaluation of a focused sonication probe for arsenic
speciation in environmental and biological samples. J] Chromatogr A 1097: 1-8.

Schoof RA, Yost LJ, EickhoffJ, Crecelius EA, Cragin DW, Meacher DM, Menzel DB. 1999.
A market basket survey of inorganic arsenic in food. Food Chem Toxicol 37: 839-846.

Shen S, Li X-F, Cullen WR, Weinfeld M, Le XC. 2013. Arsenic binding to proteins. Chem Rev
113:7769-92.

Styblo M, Del Razo LM, Vega L, Germolec DR, LeCluyse EL, Hamilton GA, Reed W, Wang C,
Cullen WR, Thomas DJ. 2000. Comparative toxicity of trivalent and pentavalent inorganic and
methylated arsenicals in rat and human cells. Arch Toxicol 74: 289-299.

Sullivan TW, Al-Timimi AA. 1972. Safety and toxicity of dietary organic arsenicals relative to
performance of young turkeys: 4. Roxarsone. Poult Sci 51:1641-1644.

Tao SSH, Bolger PM. 1999. Dietary arsenic intakes in the United States: FDA total diet study,
September 1991-December 1996. Food Add Contam 16: 465-472.

United States Environmental Protection Agency (US EPA). 2011. 40 CFR Appendix to part 136
- Definition and procedure for the determination of the method detection limit - revision 1.11.
Available: http://www.gpo.gov/fdsys/granule/CFR-2011-title40-vol23/CFR-2011-title40-vol23-
part136-appB/content-detail.html [accessed 06 October 2015].

United States Food and Drug Administration (US FDA). 2013. FDA’s response to the citizen
petition (FDA-2009-p-0594). Available:

http://www .centerforfoodsafety.org/files/20130930 docket-fda-2009-p-0594 signed-arsenic-cp-
response_94793.pdf [accessed 23 July 2015].

United States Food and Drug Administration (US FDA). 2015a. Product Safety Information -
Questions and Answers Regarding 3-Nitro (Roxarsone). Available:
http://www.fda.gov/AnimalVeterinary/SafetyHealth/ProductSafetyInformation/ucm258313.htm
[accessed 23 July 2015].

United States Food and Drug Administration (US FDA). 2015b. NADA Number: 007-891.
Available: http://www .accessdata.fda.gov/scripts/animaldrugsatfda/details.cfm?dn=007-891
[accessed 23 July 2015].

21



Environ Health Perspect DOI: 10.1289/ehp.1510530
Advance Publication: Not Copyedited

Vahter M, Envall J. 1983. In vivo reduction of arsenate in mice and rabbits. Environ Res 32:14—
24.

Vahter M, Marafante E. 1985. Reduction and binding of arsenate in marmoset monkeys. Arch
Toxicol 57:119-124.

Williams PN, Price AH, Raab A, Hossain SA, Feldmann, J, Meharg AA. 2005. Variation in
arsenic speciation and concentration in paddy rice related to dietary exposure. Environ Sci
Technol 39: 5531-5540.

World Health Organization (WHO). 2008. Guidelines for Drinking-Water Quality, Volume 1:
Recommendations. Geneva: WHO Press.

World Health Organization (WHO). 2011. WHO technical report series (No. 959). Evaluation of
certain contaminants in food: Seventy-second report of the joint FAO/WHO expert committee on
food additives. Geneva: WHO Press.

World Health Organization (WHO). 2012. Metals, arsenic, fibers and dusts, Volume 100 of the
IARC monographs, A review of human carcinogens. Geneva: WHO Press.

Yao L, Huang L, He Z, Zhou C, Li G. 2013. Occurrence of arsenic impurities in organoarsenics
and animal feeds. J Agric Food Chem 61:320-4.

Yoshida T, Yamauchi H, Sun G. 2004. Chronic health effects in people exposed to arsenic via

the drinking water: Dose-response relationships in review. Toxicol Appl Pharmacol 198:243-
252.

22



Environ Health Perspect DOI: 10.1289/ehp.1510530
Advance Publication: Not Copyedited

Table 1. Summary of the feeding experiment design and time of sample collection.
Feeding design . 1 Age (days) at
Broiler Group Starter period Grower period lperir(?c;w n breast sample
i - - i collection
strain (Day 0-14) (Day 15-28) (Day 29-35) (chickens/pens)
Ross 308  Rox-fed Rox- Rox- Rox-free diet 400/4
supplemented diet supplemented diet
, : , 0,1,2,3,4,7,
Control Rox-free diet Rox-free diet Rox-free diet 400/4 14,21, 28, 29,
30,31, 32, 33,
Cobb 500  Rox-fed Rox- Rox- Rox-free diet 400/4 34,35
supplemented diet supplemented diet
Control Rox-free diet Rox-free diet Rox-free diet 400/4
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Table 2. Concentrations (ng/kg) of individual arsenic species in the breast meat samples of 114 control chickens and 115 Rox-fed

chickens over the 35-day feeding period.

As™ As™ Unknown® Unknown Rox Rox n° n
Age in Control in Rox-fed in Control in Rox-fed in Control in Rox-fed of of
mean+ SD CV mean + SD CV mean=SD CV mean+SD CV mean£SD CV mean+SD CV Control Rox-fed

Day 0 ND° N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D 8 8
Dayl 354+1.10 31% 4.60£2.27 49% N.D ND 1.72+0.61 35% N.D ND 592+192 32% 8 8
Day2 127+1.14 90% 11.54+543 47% N.D N.D 4.68+2.54 54% N.D ND 944+518 55% 6 6
Day 3 N.D ND 11.63£295 25% N.D N.D 499+1.51 30% N.D ND 11.27+193 17% 8 7
Day4 N.D N.D 21.59+8.00 37% N.D N.D 6.04+2.51 42% N.D N.D 12.11+£3.97 33% 8 8
Day 7 N.D ND 27.78+7.39 27% N.D N.D 3.83+1.06 28% N.D N.D 5.06+1.06 21% 8 8
Day 14 N.D N.D 10.67+4.30 40% N.D N.D 233+1.21 52% N.D N.D 2.77+0.65 23% 7 8
Day21 0.57+0.22 39% 393+£093 24% N.D N.D 0.61+025 41% N.D ND 151+032 21% 8 7
Day 28 N.D N.D 30.11+18.33 61% N.D N.D 503+1.44 29% N.D ND 514+2.11 41% 8 8
Day 29 N.D N.D 1940+346 18% N.D N.D 3.20+0.33 10% N.D N.D 3.69+0.70 19% 6 5
Day 30 N.D N.D 1495+5.89 39% N.D N.D 216+0.68 31% N.D ND 1.62+0.16 10% 6 7
Day 31 N.D N.D 4.24+0.38 9% N.D N.D 0.98+0.28 29% N.D N.D 0.66+022 33% 7 8
Day 32 N.D N.D 289+£0.63 22% N.D N.D 0.63+£021 33% N.D N.D 0.69+0.14 20% 5 7
Day 33 N.D N.D 257+£1.25 49% N.D N.D 045+0.13 29% N.D N.D 0.54+021 39% 7 7
Day 34 N.D ND 247+0.55 22% N.D N.D 0.73+0.16 22% N.D ND 048£0.11 23% 6 5
Day 35 N.D ND 3.10+x1.61 52% N.D ND 0.82+0.29 35% N.D ND 041+0.04 10% 8 8
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Table 2 (con’t). Concentrations (ng/kg) of individual arsenic species in the breast meat samples of 114 control chickens and 115 Rox-

fed chickens over the 35-day feeding period.

AsB AsB DMA" DMA" MMAY MMAY n n
Age in Control in Rox-fed in Control in Rox-fed in Control in Rox-fed of of
mean + SD Ccv mean + SD Ccv mean + SD Ccv mean + SD Ccv mean+SD CV  mean+SD CV  Control Rox-fed
Day 0 N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D N.D 8 8

Day 1 5.58+1.34 24% 537+1.65 31% 1.43+0.74 52% 1.92 +£0.58 30% 052+022 42% 1.25+031 25%
Day 2 1495+ 7.41 50% 23.94+10.24 43% 242+053 22% 4.52+1.12 25% 1.39+£0.16 12% 3.13+£048 15%
Day3  27.68+5.66 20%  33.18+9.18 28% 2.99+095 32% 4.62+1.56 34% 1.44=+£050 35% 2.40+091 38%
Day4 37.90+12.67 33%  36.01+7.28 20% 253+041 16% 537+1.59 30% 1.73+£0.53 31% 449+1.58 35%
Day7  22.80+2.76 12%  27.22+£5.67 21% 226+0.63 28% 3.69 +£1.03 28%  3.50+1.07 31% 599=+145 24%
Day 14  31.58 £6.08 19%  30.72+4.40 14% 193+026 13% 2.82+1.16 41% 1.38+039 28% 2.14+£0.19 9%
Day 21 17.57+7.76  44% 1434+ 3.61 25% 1.89+£0.69 37% 2.37+0.49 21%  1.17+0.61 52% 1.93+£0.79 41%
Day 28 2594+8.07 31%  24.77+£542 22% 343+197 57% 13.48+11.47 85% 430+197 46% 8.67+£3.77 43%
Day29 37.99+11.59 31% 3093+1026 33% 2.69+0.67 25% 11.96 £4.04  34% 243+040 16% 6.07+2.18 36%
Day 30 40.66+11.42 28% 37.09+16.88 46% 1.68+0.65 39% 1.81£0.35 19% 1.65+044 27% 2.04+£045 22%
Day 31 21.68+6.40 30% 18.61+3.64 20% 1.29+040 31% 0.90 £0.12 13% 0.79+023 29% 085+0.16 19%
Day 32 27.46+9.17 33%  25.59+9.11 36% 1.55+£021 14% 1.55+0.50 32% 132+£023 17% 133+044 33%
Day 33  25.55+6.91 27%  24.48+£595 24% 0.75+0.17 23% 1.18 £0.26 22%  0.69+0.14 20% 1.01+£027 27%
Day 34 2940+1249 42%  22.13+£630 28% 1.00+1.06 106% 1.00 £ 0.74 74% 1.22+£049 40% 1.04+£029 28%
Day 35 3099+11.30 36% 33.50+13.93 42% 132+0.18 14% 1.80 £ 0.48 27%  1.14£027 24% 1.42+041 29%

[cBENo R N YA N B o) e ) SiNe SHNe I v <R c Re <R ]
O U 9 3 0 0 L 0 0 0w NN N

*Unknown: an arsenic species whose chemical structure is not yet identified.
"N.D.: below detection limit of 1.0 ug/kg for AsB, 1.8 pg/kg for As™, 1.5 pg/kg for DMA", 1.7 pg/kg for MMAY, 1.3 pg/kg for Unknown, and
1.2 pg/kg for Rox in the chicken breast meat samples in dry weight.

“n is the number of chickens.
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Table 3. P values from two-way ANOVA comparing the concentrations of each arsenic species

between the control and Rox-fed groups over the 35-day feeding period.

AsB As” | DMAY | MMA" | Unknown | Rox
Treatment 0.76 | <0.001* | <0.001* | <0.001* | <0.001* |<0.001*

Age <0.001* | <0.001* | <0.001* | <0.001* | <0.001* | <0.001*
0.63 | <0.001* | <0.001* | <0.001* | <0.001* |<0.001*

Treatment x Age

*Statistically significant.
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Table 4. The elimination rate constant (K), elimination half-life (t;,), Yo and Y for individual

arsenic species in the one-phase decay elimination model.

As™! DMA" MMA"Y Unknown Rox

K (day™) 0.69 1.90 0.90 0.93 0.99

ti (day) 1.00 0.37 0.73 0.74 0.70
(95% CI) (0.70,1.80)  (0.28,0.58) (0.50, 1.35) (0.54, 1.20) (0.52, 1.11)

Yo 2.38 4.86 0.82 0.51 0.56

Y, 0.06 0.02 0.04 0.02 0.02
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Table 5. Mann Whitney U tests * comparing the concentrations of individual arsenic species in

the breast samples between the 8 control chickens and 8 Rox-fed chickens on Day 35.

Control (pg/kg) Rox-fed (ng/kg) P value
(mean + SD) (mean + SD)
AsB 31+ 11 34+ 14 0.88
As™ N.D 3.1+1.6 0.01*
DMAY 1.3+0.2 1.8+0.5 0.02%
MMA"Y 1.1+0.3 14+04 0.13
Unknown N.D 0.82 +0.29 <0.001*
Rox N.D 0.41 +0.04 <0.001*

* Comparison was done for each pair containing one sample from control group and one sample from
Rox-fed group of the same strain of chickens. Breasts samples were collected on Day 35, seven days after
termination of Roxarsone feeding.

" N.D.: below detection limit of 1.0 ug/kg for AsB, 1.8 pg/kg for As™, 1.5 pg/kg for DMAY, 1.7 pg/kg for
MMAY, 1.3 pg/kg for Unknown, and 1.2 pg/kg for Rox in the chicken breast meat samples in dry weight.

* Statistically significant.
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Figure legends

Fig.1. Chromatograms obtained from HPLC-ICPMS analyses of breast samples from a control
chicken (top trace) and a Rox-fed chicken (bottom trace) collected on day 28 of the feeding
experiment. The control chicken was given a basal diet not containing Roxarsone. The Rox-fed
chicken was given a diet containing approximately 18 mg/kg Roxarsone during the first 28 days.
Only arsenobetaine (AsB) was consistently present in the control chicken breast samples. AsB,
arsenite (As'™), dimethylarsinic acid (DMA"), monomethylarsonic acid (MMA"), Roxarsone,

and an Unknown arsenic species (Un) are detected in the Rox-fed chicken breast samples.

Fig.2. Concentrations of As™ (a), DMA" (b), MMA" (c), Unknown arsenic species (d), and Rox
(e), normalized against AsB, in the breast samples of control chickens and Rox-fed chickens over
the entire 35-day feeding period. (f) Body weight of chickens over the 35-day feeding
experiment. Data represent mean values and error bars represent one standard deviation from

duplicate analyses of each of 5-8 chicken samples.

Fig.3. Content of As™ (a), DMA" (b), MMA" (c), Unknown arsenic species (d), and Rox (e) in
the breast samples of control and Rox-fed chickens. The amount of arsenic species (j1g) was
obtained by multiplying the concentrations of arsenic species in each sample by its sample-
specific body weight. Data represent mean values and error bars represent one standard

deviation from duplicate analyses of 5-8 chicken samples.

Fig.4. Concentrations of As™ (a), DMA" (b), MMA" (c), Unknown arsenic species (d), and Rox
(e) s, normalized against AsB, in the breast samples of Rox-fed chicken. Eight Rox-fed samples
were collected each day from day 28 to day 35. Day 28 was the last day when these chickens
were fed Roxarsone. From day 29 to day 35, all chickens were fed the control food that did not
contain Roxarsone. Data points were presented as mean and one standard deviation from
duplicate analyses of each of the 5-8 breast samples. The curve represents the best fit of the data

using one-phase exponential decay function.

Fig.5. The mean concentrations of AsB, As™, DMAY, MMA", Unknown arsenic species (Un),
and Rox in eight control chickens and eight Rox-fed chickens on Day 35 (final day) of the
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feeding experiment. This was seven days after the final feeding of Roxarsone on day 28. Error
bars represent standard deviation from four replicate measurements of each of the eight chicken

" Rox, and Unknown are significantly higher (P < 0.01) in

samples. The concentrations of As
the Rox-fed chickens than in the control chickens. The concentrations of AsB are not

significantly different (P > 0.01) between the control and the Rox-fed chickens.
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Figure 4.
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Figure 5.
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